An ion beam technique has been developed to simulate the microstructural damage expected in materials in future fusion reactors. The simulation technique utilizes two beam lines simultaneously, one with Ni ions to create a high atomic displacement density,+and the other with a mixture of molecular deuterium D2 and atomic 4He+. The profiles of the implanted deuterium and helium have been measured by the method of nuclear microanalysis.
Introduction
In future fusion reactors the high flux of fast neutrons is expected to generate significant quantities of helium and hydrogen in the volume of structural materials. The gaseous products from the (n,p) and (n,a) nuclear reactions accumulate' in materials while all interactions of neutrons with nuclei produce atomic displacements. These processes cause permanent radiation damage to the materials (e.g., swelling and embrittltment) and in this way limit the lifetime of the reactor.
Simulation of neutron damage using particle accelerators is now used extensively to study damage patterns at high displacement levels, and to understand interaction between the gases and the displacement events.2-4 But these experiments usually involve only one gas at a time. This paper describes a new technique that incorporates displacement events and both gases simultaneously. The microstructural damage is reported elsewhere. [5] [6] Experimental This method involves the use of two Van However, we propose that this difficulty can be overcome by recalling that (1) a diatomic deuterium (4D+) beam, having the same mass and charge as atomic helium 4He+,.can be produced and accelerated in a single VDG system, (2) the diatomic deuterium of energy E dissociates upon impact with the target surface yielding two isolated deuterium ions each with half the beam energy 1/2 E, (3) the range of these low energy deuterium ions should be near that of the helium ions. Table 1 shows some calculated and measured ranges, Xo, and rms width, a, relevant to this work. In order to verify the dissociation mechanism and to measure the resulting densities of deuterium and helium, we have employed the method of nuclear microanalysis. This was carried out before and after bombardments.
Before bombardment of the target the VDG source bottle was filled with a specific mixture of deuterium and helium gas. A beam of mass = 4 and E = 0.4 MeV was then steered into a scattering chamber and allowed to impinge upon a simple target of pure metal. A surface barrier detector was set up at a backangle to measure the backscattered ion spectrum. This spectrum showed the expected overlay of two backangle spectra, one for 0.4-MeV He+ ions and one for 0.2-MeV Dt ions. The absolute magnitudes of these spectra were compared with a theoretical spectra generated by the convolution integral method. Details of the calculations will be given elsewhere.10 An example of such a calculation is given in Fig. 1 Table 2 .
After bombardment the depth profiles of the helium and deuterium were measured by the method of nuclear reactions using deuterons from the 0.4-MeV VDG in a conventional scattering chamber arrangement. The resulting deuterium density distribution is shown in Fig. 2 Fig. 2 shows the depth profile of the deuterium density implied by the proton spectra. In this case it is assumed that the profile follows a Gaussian distribution and the convolution integral methodl' is used to deduce the mean depth X0 and standard deviation a of the density curve (Bragg peak). The corresponding fit to the data points is shown in the lower half of the figure. In a similar way the helium profile was determined in a separate experiment. Targets of pure polycrystalline nickel 3He were implanted with 3He at an energy of 0.3 MeV. Subsequently, the targets were bombarded with 0.40 or 0.47-MeV deuterium. In this case the 3He(d,a) reaction was measured with a, = 0 deg and a2 = 20 deg. An example of one of the spectra is shown in Fig. 3 . The deduced profile parameters are given in Table 1 Similar experiments were carried out at high temperature regions more relevant to reactor environments. The results are summarized in Table 2 . The helium distributions were somewhat broadened at the higher temperature with a = 0.15-0.17 vim. Since the targets were held at the high temperature for about 2 hours, appreciable helium bubble formation and migration were expected.1' Diffusion of hydrogen and deuterium is known to be very high in pure nickel,'2 but trapping at the site of dislocations and ion damage is expected to retard the hydrogen migration.'3 We measured no significant diffusion of deuterium in any of our stainless steel samples predamaged at room temperature. However, at T -6400C at least 95% of the implanted deuterium totally escaped the region of the mean implantation depth (-=0.7 uim) in all stainless steel samples. We hope to characterize further the hydrogen and helium migration in future experiments at intermediate temper-
atures.
